This study compared social looking and response to novelty in preschool-aged children (47-68 mo) with or without iron deficiency anemia (IDA). Iron status of the participants from a low-income community in New Delhi, India, was based on venous hemoglobin, mean corpuscular volume, and red cell distribution width. Children's social looking toward adults, affect, and wary or hesitant behavior in response to novelty were assessed in a semistructured paradigm during an inhome play observation. Affect and behavior were compared as a function of iron status: IDA (n ¼ 74) vs. nonanemic (n ¼ 164). Compared with nonanemic preschoolers, preschoolers with IDA displayed less social looking toward their mothers, moved close to their mothers more quickly, and were slower to display positive affect and touch novel toys for the first time. These results indicate that IDA in the preschool period has affective and behavioral effects similar to those reported for IDA in infancy. J. Nutr. 137: 683-689, 2007. 
Introduction
Iron deficiency is considered to be the world's most common single-nutrient disorder. Infants in the 6 to 24-mo age range are particularly at high risk, but the entire preschool-age period may be vulnerable, especially in developing countries. According to a recent region and country summary (1, 2) , iron deficiency anemia (IDA) 11 is widespread among children ,5 y of age. Children in southern Asia and Africa are particularly affected, with over half of preschool-aged children having IDA in most countries. IDA is also a problem in Latin America, the Caribbean, the Middle East, East Asia, and the Pacific where, with the exception of a lower incidence in China, the prevalence of IDA ranges from 22 to 66%.
In contrast to a body of research showing poorer motor, cognitive, and social/emotional functioning in infants with IDA (3) (4) (5) , research on the developmental and behavioral effects of IDA among preschoolers is limited. The few available studies generally show impaired motor, cognitive, and language development as well as poorer learning performance among 3 to 5-yolds with IDA (6) (7) (8) (9) . However, there is little or no information on social or emotional alterations in the preschool-age group. The paucity of research on social and emotional development is striking, insofar as this domain has been affected in virtually every study of IDA in infancy, and changes in behavior and affective states might contribute to poorer cognitive and motor test performance (10) .
Findings in social and emotional studies of iron-deficient infants provide the background for this study of preschool-aged children. Infants with chronic, severe iron deficiency have been observed to display increased fearfulness, unhappiness, fatigue, low activity, wariness, solemnity, and proximity to the mother during free play, developmental testing and at home (11) (12) (13) (14) (15) (16) (17) . In a recent preventive trial in Chile (18) , ratings after 30-45 min of developmental testing showed that, compared with infants who received iron supplementation, a greater percentage of unsupplemented infants never smiled, never interacted socially, and never showed social referencing. The lack of social referencing was a novel observation, as this aspect of social/emotional development had, to our knowledge, not previously been examined in iron deficiency studies. We pursued this finding, as well as other affective and behavioral alterations, in preschoolers with or without IDA.
Social referencing is an important process of emotional and instrumental communication by which infants and young children actively seek cues from an adult figure in novel and uncertain situations and use that information to regulate their emotions and behavior (19) (20) (21) . For instance, infants typically look at their caregivers' emotional expression in the presence of a new toy to decide whether to approach or avoid it. Social referencing is considered to be critical for infants' early learning from the physical and social environment, providing important scaffolding (19, 20, 22, 23) . Individual differences in toddlers' and preschoolers' affect and behavior in reaction to novel situations have also been examined in previous developmental research, using behavioral inhibition paradigms (24) (25) (26) . Wary or behaviorally inhibited children typically display a low approach behavior and stay in close proximity to their mothers when confronted with a range of novel stimuli, including people, objects, and situations (27) . There is increasing evidence that this wary/ inhibited behavioral pattern is a risk factor for future problems, such as peer problems, anxiety, depression, and negative selfperceptions of competence (28) (29) (30) .
Lack of social looking toward adults and low levels of social engagement with others in novel situations might well contribute to ''functional isolation,'' a concept originally derived from animal models (31) . According to the functional isolation hypothesis, nutritional deficiencies contribute to changes in infants' affect and activity, which in turn means that they are less likely to seek and/or receive developmentally facilitating caregiving from their parents, such as responsiveness and verbal stimulation (14) . In addition to direct effects of early IDA on brain and behavior, developmentally unsupportive caregiving has been postulated to contribute to long-lasting effects of early IDA. Altered transactional patterns between iron-deficient children and their mothers have been detected in infancy during the period of iron deficiency (14, 15) . Preschool follow-up studies to date have found that children with chronic, severe iron deficiency in infancy had poorer cognitive and motor development (32) (33) (34) (35) , as well as lower levels of alertness, physical activity, positive affect, and verbalization at age 5 than children with good iron status in infancy (36, 37) . Altered transactional patterns between former iron-deficient children and their mothers have been observed again at age 5 (37) .
Integrating the functional isolation hypothesis with the reports of reduced social looking toward mothers and increased wary or hesitant behavior in infancy, we predicted that affective and behavioral differences would also be observed among preschoolaged children with IDA. Specifically, we expected that IDA preschoolers would be less likely to look at adults to elicit emotional or informational cues and would more likely show hesitant or wary behavior in a novel situation than non-IDA preschoolers.
Subjects and Methods
Design. The design of the present study was cross-sectional, although the sample was drawn from a longitudinal cohort. All methods were reviewed and approved by the Institutional Review Boards (IRB) of the University of Maryland School of Medicine, Johns Hopkins University Bloomberg School of Public Health, and Annamalai University. The follow-up protocol was also approved by the IRB of the University of Michigan.
Subjects. This study was conducted in conjunction with a follow-up of a project on the effects of micronutrient supplementation among fullterm, small-for-gestational age (SGA) infants (Maureen Black, principal investigator) (38, 39) . The original study used a census and baseline household survey to identify pregnant women in a low-income community in New Delhi, India. Pregnant women were followed until giving birth and were advised to inform the field clinic of a birth, at which time a physician, nutritionist, and field assistant visited the home to record the neonate's birth weight, length, and head circumference. Infants were eligible for enrollment in the micronutrient study if their gestational age was .36 wk, their birth weight was below the 10th percentile for gestational age, and they had no congenital problems, disabilities, or chronic illnesses. As infants, they were randomly assigned to 1 of 4 treatment groups: riboflavin, riboflavin 1 zinc, multiple micronutrients, multiple micronutrients 1 zinc. No blood sampling occurred in the infant study. Details of the infant study have been previously published (38) . For an assessment at 15 mo, a group of children born the appropriate weight for gestational age (AGA) was added using the same census and baseline survey.
The present study was part of the preschool-age follow-up of the SGA infants in the original study and the AGA infants who joined the study at 15 mo. To relate behaviors to concurrent IDA, only those children with a blood sample taken around the time of an in-home play observation were included in this analysis: 218 SGA children and 120 AGA children. Among the SGA children in this sample, 106 had been in the riboflavin or riboflavin 1 zinc groups (i.e., no iron) in the original study and 112 had been in the micronutrient or micronutrient 1 zinc groups (i.e., ironsupplemented). Children's mean age at the present follow-up was 4.8 6 0.5 y, with both genders approximately equally represented. Parental mean age was 28.3 6 4.4 y for mothers and 32.16 4.7 y for fathers. Seventy-six percent of the participating families owned their house, and about one-third of these homeowners lived in a 1-room house. Twenty-eight percent of the mothers and 73% of the fathers had attended school. Because mothers were generally illiterate, a full explanation of the project was given verbally and verbal consent was obtained, witnessed by a third party.
Iron status. Iron status was based on a complete blood count from a venous sample obtained within a 3-mo window around the behavioral assessment. The measures of iron status included hemoglobin (Hb), mean corpuscular volume (MCV), and red cell distribution width (RDW). Seventy-four children had IDA, defined as an Hb value ,110 g/L, and 2 other abnormal iron status measures: MCV ,79.0 fL per CDC cut-off (40) and RDW .15.0% per laboratory cut-off (40) . Children in the nonanemic group were those with Hb levels $ 110 g/L and no more than one abnormal iron status measure (n ¼ 164). One hundred children did not meet criteria for either of these dichotomous groupings. The variety of combinations of abnormal hematology measures in this group precluded the possibility of viewing them as a valid ''middle'' group. Therefore, they were considered ''indeterminate'' and excluded from this analysis. Recent surveys showed that folic acid and vitamin B-12 deficiencies were uncommon in the community. Other causes of anemia, such as malaria and hemoglobinopathies, were not a problem (41, 42) . Descriptive statistics for the included children (n ¼ 238) and their caregivers were presented according to iron status group ( Table 1) . 4 Defined as the number of previous births, including still births.
Materials and data gathering. A semistructured paradigm was conducted in the child's home to assess social looking toward adults and wariness or inhibition in reaction to novelty (24, 26) . Four familiarization toys were used for a free-play warm-up period, and 3 stimulus toys were used to elicit a response or requests for help from the caregiver without eliciting fear or excessive delight such as immediate laughter. All stimulus toys were battery-operated toys that moved, made sounds, or played music. Pilot testing of these toys showed that they evoked looking to mother without a strong avoidance or approach behavior.
Play observations were conducted in the home. To focus on the child's social looking and initial reaction to the unfamiliar, the experimenter informed the mother, ''We want to watch your child play with several toys. Please do not talk to your child unless he or she asks you questions or requests your help.'' The assessment took place on a floor mat (2 m 3 2 m) comprised of 16 squares (0.5 m 3 0.5 m each). At the start, the child was 2 squares away from the mother. The familiarization toys were placed on the mat, and the child was allowed to explore these toys during the 5-min free-play warm-up period. Next, the experimenter presented the 3 stimulus toys, 1 at a time, to elicit social referencing. Each stimulus toy, presented under a box lid big enough to cover the toy, was placed 2 squares away from the child. The experimenter removed the lid and wound up the toy or turned on the sound and then stepped back. The child was then free to play with the toy. Children's behavior toward that toy and his or her affect were observed for 2 min after a given toy was wound up or stopped making a sound. Stimulus toys were presented in the same order for all children. The maximum duration coded for any given observation was set at 750 s (12.5 min). Trained research staff conducted affect and behavior coding live using a laptop computer with The Observer software (43) . A pilot phase was carried out by a medical student and an undergraduate student from the University of Michigan. Prior to the collection of data, they were trained by Angulo-Barroso and Lozoff to interobserver reliability (intraclass correlation coefficient) of $0.75. The students, in turn, trained research staff in India who collected data for the study. All observers were blind to children's iron status.
Outcome variables. Social looking toward adults in this social referencing situation was recorded during the play observation. Based on previous social referencing studies (19, 23) , social looking was defined as the frequency of a behavioral sequence of a look first to a toy and then to an adult (i.e., mother, tester, or research assistants).
Wary or hesitant behavior was assessed following previous research on behavioral inhibition (24, 25) . We coded 1) the child's latency to approach the mother, 2) the amount of time the child spent in close contact with the mother, 3) the child's latency to first touch of a familiarization toy and a stimulus toy, and 4) the frequency of the child's touching the familiarization and stimulus toys.
The affect outcome variables included the latency and frequency of positive affect (i.e., smiles, laughter, or positive vocalization) and negative affect (i.e., cry-face, fuss, cry, or other negative behavior), and the duration of unengaged affect (i.e., quiet and uninvolved during play session).
Maternal behavior was also assessed. The duration of the mother's talk to the child and the frequency of maternal response with positive or negative comments were coded.
Statistical analysis. Affective and behavioral outcomes were compared in the IDA and nonanemic groups. The distribution of one of the major outcomes, frequency of social looking to mother, was highly skewed. It was therefore dichotomized into lower and upper halves, and logistic regression was used to estimate odds ratios (OR) and corresponding 95% CI for this outcome. The significance of differences in proportions was tested by a x 2 test. For all frequency and duration measures pertaining to child wariness or hesitancy and affect, we conducted the Student's t test to test the differences between the IDA and nonanemic groups. Analysis of covariance was used when CV adjustment was indicated (see below). For all latency measures, we conducted KaplanMeier survival rate analyses, which measures the time until an event occurs. The events in this case were the child's approach to mother, first
Thus, we did not expect group differences in median times and instead focused group comparisons on the remaining 25% (i.e., the tail of the distribution).
A preliminary step in data analysis was to consider background differences related to group iron status and outcome measures. Child's prenatal growth status (SGA or AGA) and micronutrient supplementation did not relate to iron status (P ¼ 0.61 and P ¼ 0.94, respectively) or to outcome measures (P . 0.05). Therefore, these factors were not considered in further analyses. Weight-for-age Z-scores (WAZ) were computed using EpiInfo (CDC) to determine children's current nutritional status. WAZ were significantly lower among children in the IDA group (t test, P , 0.01). However, WAZ did not correlate with the outcome variables and therefore was not included as a covariate in the analyses. There were no differences between the IDA and nonanemic groups in terms of age (t test, P ¼ 0.57) and gender (x 2 , P ¼ 0.77). Demographic and/or family background factors (i.e., child's and mother's age, child's gender, maternal literacy, and parity) even weakly correlated (P , 0.10) with a given outcome were statistically controlled in those comparisons between the IDA and nonanemic groups (41) . Statistical significance was set at P , 0.05. Values in text and tables are means 6 SE, unless otherwise noted. All data were analyzed with SPSS (version 13.0) software.
Results
Social looking toward adults. The iron status groups differed in the proportion of children displaying less frequent social looks to the mother ( Table 2 , P , 0.05). Logistic regression analysis indicated that children in the IDA group were 98% more likely than those in the nonanemic group to fall within the half that looked relatively less to their mothers (OR 1.98, CI 1.21-3.49, P , 0.05). Social looking to anyone other than the mother was so rare that it was not amenable to analysis.
Wary or hesitant behavior. The proportion of children who approached their mother did not differ between iron status groups; overall, 60% did so. Among these children, the median time (or latency) to approach the mother was similar (15.3 6 2.7 s for the IDA group and 12.9 6 4.4 s for the nonanemic group). The total amount of time a child spent close to the mother also did not differ between iron status groups before or after covariate control (Table 2) . However, among children who approached their mothers, but not immediately (;25%), the IDA group did so more quickly (Fig. 1A, P , 0.001) . The time by which 75% of IDA children moved close to their mothers was 7.6 times faster than those of the nonanemic group (Table 2) .
There was no difference between the IDA and nonanemic groups with respect to latency of first touch of a familiarization toy ( Table 2 ). The groups did not differ in the proportion of children who touched at least 1 of the stimulus toys (91% did so), in the frequency of touching familiarization or stimulus toys (Table 2) , or in the median time to touch a stimulus toy (5.1 6 0.9 s in the IDA group and 4.9 6 0.2 s in the nonanemic group). However, among the ;25% of the sample that was slowest to touch a stimulus toy, children in the IDA group delayed longer than those in the nonanemic group (Fig. 1B, P , 0.001) . The time by which 75% of IDA children had touched a stimulus toy was 2.3 times longer than for the nonanemic group (Table 2) .
Affect. The proportion of children who smiled during the play observation (70% overall) did not differ between iron status groups. The median latency to smile among those who smiled was similar for both groups (19.6 6 15.0 s for the IDA group and 19.1 6 2.2 s for the nonanemic group). However, group
Preschoolers with iron deficiency anemia 685 differences were again observed in the tail of the distribution, i.e., among the 25% who were slowest to smile (Fig. 1C, P , 0.001) . The time by which 75% of the IDA children who ever smiled had done so was 2.6 times longer than for the nonanemic group (Table 2) . Negative affect (e.g., cry, fuss) was excluded from analyses, because only 2% of children in the sample showed distress during the observation. Time spent in unengaged affect did not differ between the IDA group and the nonanemic group (ANOVA, P ¼ 0.15).
Maternal behavior. Mothers of children in the IDA and nonanemic groups did not differ significantly in the mean amount of time spent talking (Table 2) . Among the mothers who talked (24% of the sample), only 2% initiated negative comments and 3% responded with negative comments.
Discussion
This study examined social looking toward adults, affect, and wary or hesitant behavior among preschool-aged Indian children with and without IDA when they were confronted with a range of novel stimuli. To our knowledge, to date, iron deficiency studies have examined these behavioral and affective aspects of social/emotional development only during infancy.
Consistent with our prediction, preschoolers with IDA showed less social looking toward their mother compared with children in the nonanemic group during a play observation that involved familiar and unfamiliar toys. Our results indicated other affective and behavioral differences in the subset of children at the tail end of the distributions. Specifically, among children who showed a given behavior but without the typical latency, those in the IDA group approached their mothers more quickly, took longer to touch a stimulus toy, and were slower to smile than those in the nonanemic group. This affective and behavioral pattern suggests more wariness, inhibition, and hesitancy in the IDA group. SGA vs. AGA, micronutrient supplementation in infancy, and current WAZ were tested as covariates and did not affect the results. Statistical control for background variables did not eliminate the significant effect of IDA on these outcomes.
Our results pertaining to the affective and behavioral alterations associated with IDA are consistent with past research on iron-deficient infants (11, 12, (14) (15) (16) (17) (18) . In the present study, differences in affect and behavior occurred primarily in response to the different aspects of the observation. For instance, the only difference between the familiarization and stimulus toys was that the experimenter, an unfamiliar person, approached the mat for a few seconds to present a novel toy and then withdrew. Otherwise, the child could play with both familiarization and stimulus toys in the presence of the mother. Thus, it appears that even the slight increase in novelty when the experimenter approached with the box was sufficient to elicit a different response in children who did not touch the toy within a few seconds. Among this subset, IDA children took even longer than nonanemic children to touch the stimulus toys.
In developmental research, children with such a behavioral profile have been characterized as ''wary, slow to warm up'' when they are confronted with a range of novel stimuli including people and objects (44) . Individual differences in wary/inhibitedchild behavioral patterns can potentiate the pathway to internalizing problems (e.g., anxiety, depression), especially in the context of developmentally less-facilitating parenting such as overprotectiveness, lack of maternal warmth, responsivity, and affective reciprocity (29) . In fact, other studies detected less mother-child reciprocity and maternal responsivity between irondeficient children and their mothers in infancy during the period of iron deficiency (14, 15) and again at age 5 (37). Taken together, this wary/inhibited behavior pattern in IDA infants and preschoolers may be clinically significant, especially in light of increased anxiety or depression and social problems in the only infant iron deficiency follow-up into adolescence (45) .
The observed changes in response to novelty may make sense in terms of iron's role in dopamine system function (46) . Dopaminergic neurotransmission is known to play a major role in reward-seeking behaviors and in systems of behavioral activation and inhibition, especially in response to novelty (47, 48) . Rats with neonatal dopamine depletion are hesitant to enter a novel environment or to engage in new tasks outside the familiar environment. Neonatal dopamine terminal damage leads to a life-long hyper-sensitivity to novel objects and experiences in an unfamiliar environment (49, 50) . Thus, early alterations in dopamine and associated pathways seem to have long-term effects on context-dependent attentional and affective responses. This pattern of behavior is consistently observed in rat models of developmental iron deficiency (51) (52) (53) . Although the neuroscience basis for behavioral alterations associated with IDA is increasingly compelling, the explanation for the behaviors observed in preschoolers in this study is still speculation. The functional isolation framework, derived from animal models (31) , postulates that several characteristics associated with IDA, such as low activity, wariness, and low positive affect, operate in a transactional fashion with less stimulating parenting, thereby leading to a child's functional isolation from the environment and contributing to poorer behavioral and developmental outcomes over time (14) . However, this study was not designed to assess mother-child interaction, and mothers were instructed to remain uninvolved unless the child initiated contact. Given that parental reactions can maintain or help overcome this behavioral pattern (29, 54, 55) , further research is needed on the quality of the mother-child interaction in IDA preschoolaged children.
The observation that preschoolers with IDA were quicker to seek proximity to their mothers may also be interpreted within the framework of attachment theory. Proximity-seeking behavior is viewed as an adaptive pattern, especially when children are tired, sick, or frightened (56) . The shorter latency of proximityseeking behavior observed in IDA children may reflect the activation of attachment behaviors due to initial discomfort with the play observation in the presence of an unfamiliar adult experimenter. Ainsworth (57) has argued that young children may be sufficiently reassured by the mere presence of the mother, especially if they are secure and confident of her availability. Thus, the initial uncertainty of the children in the IDA group might have been resolved by the availability of their mother in the room. This could explain why IDA children did not differ from the children in the nonanemic group in overall duration of time spent close to the mother.
The results of this study must be considered within the context of its limitations. The 1st issue relates to earlier iron status. Participants in this study came from a micronutrient supplementation study that was intended to impact iron status. However, no hematologic data were obtained in infancy. Iron deficiency seems likely in this sample because a vulnerable sample of infants was recruited (WAZ was ,10th percentile based on National Center for Health Statistics norms in India, a setting where infant iron deficiency is common (1, 2) . IDA in these preschoolers might thus have been ongoing for quite some time. As a result, we cannot attribute the differences in behavior and affect solely to children's iron status at preschool age. Although iron supplementation was shown to enhance social interaction and affective responsivity among infants (18) , there were no effects of micronutrient supplementation for 8 mo in infancy on behavior and affect in the preschool period in this sample. It is possible that the dose did not sufficiently alter the infants' iron status in this sample, with high rates of stunting at 9 mo, indicating chronic malnutrition early on (39) . Alternatively, other nutritional deficiencies might have interfered with iron absorption, thus compromising the long-term effects of iron supplementation. Furthermore, in settings like the present one, where preschool iron deficiency is widespread, it might be difficult to detect effects of iron status and iron supplementation in infancy.
The 2nd issue relates to the assessment of social referencing. Social referencing is generally considered to consist of 2 distinct components, namely, information-seeking and the subsequent use of that information to regulate emotions and guide behavior (19, 20) . Because the lack of social referencing during developmental testing among infants who did not receive iron supplementation was a novel finding in a recent preventive trial (18), our study specifically examined the IDA child's social looking toward adults to seek information as they encountered an unfamiliar situation. To obtain a more complete understanding of social referencing among children with IDA, future studies should include further detailed observations of maternal affective messages (e.g., how to feel) and instrumental messages (e.g., what to do, how to act) in response to the child's social referencing looks and the child's subsequent responses in relation to maternal messages.
Third, developmental researchers have assessed individual differences in behavioral inhibition across different contexts that include novel nonsocial (i.e., unfamiliar toys only), adult-social (i.e., unfamiliar adults offering new toys), and peer-social (i.e., unfamiliar playmates) contexts (25) . In the present study an adapted version of a classic behavioral inhibition paradigm was used to assess children's affective and behavioral reactions in response to an unfamiliar adult experimenter in a play session involving novel toys (26) . Our results for this assessment procedure indicated that the IDA children show behaviors that suggest inhibition. However, recent research indicates a lack of consistency in child wariness across novel nonsocial, adult-social, and peer-social contexts (25) . A more thorough investigation of the role of IDA in relation to child wariness or inhibition in different contexts is an important avenue of research for future studies.
Future studies should also examine the domain of social and emotional development in more depth and consider biological and psychosocial processes underlying such influences, as well as the continuity and change in affective and behavioral patterns over time. Such research may point to specific psychosocial interventions in addition to iron therapy. Increasing caregivers' sensitivity to differences in the IDA child's emotionality and behavior might be one useful target for intervention efforts. Integrating basic research on the effects of IDA with interventions that emerge from this research has the potential to foster IDA children's development.
In summary, preschool-aged Indian children who differed in iron status displayed differences in social looking, affect and behavior in a semistructured paradigm designed to expose children to a range of novel toys during an in-home play observation. Compared with the nonanemic group, the IDA group showed less social looking to mother. Among the ;25% of the sample in the tails of the latency distributions, IDA children displayed greater wariness and hesitancy, as evidenced by a delay in touching a novel toy, slower smiling, and quicker seeking the proximity of their mothers. Given the long-term effects of wariness, inhibition, and infant IDA, the observed behavior pattern may be clinically important, especially in developing countries where the high prevalence of IDA warrants urgent attention from researchers, clinicians, and policy makers.
